The distribution and metabolism of serum proteins in human subjects have been investigated recently by means of tracers labeled in vitro with I's" or biosynthesized with 535 or N'5. A study by London (1) indicated a half time of about 20 days for N'5 labeled serum albumin turnover in a normal man and woman. In two normal subjects an average half time value of 17.1 days for serum albumin was obtained by Volwiler, Fremont-Smith, and MacMartin (2) following the oral administration of S85 tagged dl-cystine. Sterling (3) , however, utilizing the disappearance rate of injected Ils' tagged human serum albumin, reported a mean half time of 10.5 ± 1.5 days in 21 normal medical students, the longest being 13.4 days. Similarly, marked differences in the average half times of gamma globulin as determined by Il '3 labeling and S85 biosynthesis have been reported.
Values of 7.0 to 8.8 days (4) and 7.8 days (5) have been found by the former method as contrasted with 27.0 days by the latter (2) .
These discrepancies merit further investigation into the validity of the methods employed, especially in view of the increasing application of I'll' tagged proteins to the study of turnover rates in health and disease. In the present study the fate of intravenously administered I'l' labeled human serum albumin has been followed over periods of time considerably longer than have heretofore been reported. The results emphasize the difficulties in interpretation of data and highlight the shortcomings of this method of analysis. They also aid in resolving the discrepancies noted above.
METHODS
Iodination of albumin. Lots of albumin iodinated by three different techniques were utilized. Two methods were employed in the laboratory and several batches prepared by each were studied.' The final products con- ' We are indebted to the American National Red Cross for supplies of "normal" human serum albumin manutained an average of 1 to 2 atoms of iodine per molecule of protein except in one case. Method A was identical with that reported by Pressman and Eisen (6) . When relatively large amounts of I' solution 2 were used, only 8 to 10 per cent of the radioactive iodine became protein bound, probably owing to the reducing effect on elemental iodine of the acid sodium sulfite accompanying the I"'. In order to increase the efficiency of radioactive labeling and to decrease radiation exposure during preparation, method B (7) was used. In this case, the elemental iodine was similarly formed from a mixture of stable and radioactive iodide by nitrous acid but it was protected from reduction to iodide by its removal from the mixture into a chloroform phase. Since the iodineprotein combination occurs rapidly the chloroform-iodine solution was added slowly to the continually stirred solution of albumin in order to obtain optimal random iodination. By this procedure, 25 to 35 per cent of the Ii" became protein bound. As is indicated below, there has been no reason to suspect an adverse effect of the chloroform on the albumin, the lots prepared by this method proving the most satisfactory of all those studied. In many experiments, labeled albumin prepared by Abbott Laboratories and specified to contain 1 to 2 I atoms per molecule protein was used. Although, before shipment, this material had been passed through resin columns designed to absorb residual iodide and iodate, usually about 3 to 5 per cent and occasionally as much as 8 per cent was found to pass a Visking cellulose membrane upon receipt in the laboratory. Therefore, all lots of iodinated albumin utilized were dialyzed in the cold against frequently changed normal saline solutions for about 48 hours. Lots prepared in this laboratory were passed through Seitz filters and tested for sterility by culture before use. Cold 10 per cent trichloracetic acid precipitated 98 per cent or more of the radioactivity in the final products.
Ultracentrifugal and electrophoretic analysis of iodinated proteins. Sample lots of labeled albumin were subjected to ultracentrifugal 8 and electrophoretic analysis. The electrophoretic patterns4 showed-a single peaked symmetrical curve identical to that obtained with "native" factured and packed by the Armour Laboratories, Ft albumin. Mixtures composed of equal parts of iodinated and native albumin also showed a single peak. Similarly, ultracentrifugal analysis usually failed to detect inhomogeneity or differences between labeled and native albumin, even when the biological behaviour of the labeled albumin was such as to suggest altered protein, at least in part. Assay of radioactizity. Several counting systems were simultaneously employed, and each was standardized with respect to the others. In sivo assays were performed, with a bismuth walled Geiger counter replaced daily in an identical position with respect to that part of the body being assayed. At 5 and 9 inches respectively, this counter had a sensitivity of approximately 250 and 100 counts per minute per jc of I', depending on the in vivo source of radioactivity, above a background of 60 counts per minute. Because of a wide window in the counter shield exposing the entire sensitive region of the tube (five inches X one inch), a fair sized volume of even such large organs as the liver could be "seen" by the counter at these distances. The rates of disappearance of radioactivity from sites of injection of tagged albumin were determined by methods previously described (8, 9) . In some cases a scintillation counter was used.
Radioactivity of stool, urine and ascitic fluid specimens was assayed in 100 ml. samples in from different lots were administered intravenously from weighed syringes to groups composed of one to seven subjects. The larger groups included cirrhotic and noncirrhotic patients. There were 53 separate studies in 46 subjects. Inhibition of thyroid uptake was effected by the administration of 10 drops of Lugol's solution by mouth three times a day throughout the study. 24 hour urine collections were obtained daily except in an occasional instance when a pooled weekend urine was collected. Heparinized blood specimens were drawn without tourniquet stasis at frequent intervals for periods up to 43 days following administration of the labeled albumin. While in many early experiments blood samples were drawn from the recumbent subject after rest, this practice was subsequently discontinued as an unnecessary refinement in long term studies. Serum albumin concentrations were determined at 7 to 10 day intervals from micro Kjeldahl nitrogen analysis after Howe sodium sulfate fractionation. Ascitic fluid albumin concentrations were similarly determined. In all but one case (J. B., No. 10), these concentrations remained constant within the limits of error of the method. Plasma volumes were determined from the 15 minute dilution factors according to methods previously described (10) .
Localization of radioactivity in plasma and ascitic fluid.
The estimation of turnover rates from the analysis of plasma radioactivity requires that the radioactivity remain bound to the undegraded albumin. This condition has been examined by the dialysis of plasma, the precipitation of plasma proteins and the assay of radioactivity in electrophoretically fractionated plasma at various intervals following the administration of tagged albumin.
In all experiments less than 4 per cent of the plasma radioactivity passed a dialysis membrane, more than 94 per cent of the radioactivity was precipitable with cold 10 per cent trichloracetic acid and all of the radioactivity was accounted for in the albumin fraction separated by electrophoresis. It should be appreciated, however, that separation by this latter method is crude and that this fraction undoubtedly also contained some alpha-globulin. Approximately 98 per cent of ascitic fluid radioactivity was precipitable with cold 10 per cent trichloracetic acid. Definition of terms. Rate-Apparent instantaneous fractional rate; this may be an average of several indistinguishable rates.
Compartment-An apparent space of distribution not necessarily confined to a single anatomically bounded region except in the case of plasma.
Iodo-Albumin Component-A moiety of iodo-albumin composed of a single biologically homogeneous substance or of several different substances characterized by closely similar degradation rates.
Iodo-Albumin Degradation-The separation of radioactivity from the I"1 labeled albumin which does not necessarily imply total or partial hydrolysis of the protein. 
I. Construction and analysis of curves
The method of plotting observed and derived data and the significance of the curves obtained are best followed from the study of a representative experiment (Figure 1) . In each case, the following curves were drawn. All values were corrected for radioactive decay and plotted as a function of time on semilogarithmic paper. B) "Renal excretion curve." The per cent of the administered dose excreted daily in the urine is plotted at the midpoint of the day. In one case (S. H., No. 43) significant proteinuria was present and separate assay of the protein bound and protein free radioactivity was made.
C) "Per cent retained." The per cent of the dose retained in the body at any time is considered to be equal to 100 per cent minus the cumulative per cent urine excretion on the assumption that all the radioactivity lost from the body is recovered in the urine collections. The validity of this assumption is confirmed or negated, in any individual case, by the characteristics of the forms of curves D) and E) described below. Approximately 2 to 3 per cent of the radioactivity was withdrawn during blood sampling during the course of the study. These losses were corrected for in calculation of the per cent retained. In three subjects occasional 24 hour stool analyses showed that fecal excretion amounted to only . 2 Renal excretion of radioactivity released from the degraded protein A consideration which merits attention is the time relationship between the urinary excretion and plasma concentration curves. The extent to which the lag in the urinary excretion of the degraded protein radioactivity affects the curves was evaluated. It can be shown that the rate of appearance of radioactive iodine in the urine rapidly approaches its rate of release from the degraded labeled albumin (Appendix A). Thus, urinary excretion may be accepted as simultaneous with iodo-albumin degradation for the purpose of analysis.
Significance of the "distribution curve"
Analysis of the observed plasma concentration curves reveals a progressively decreasing slope for 4 to 7 days or longer depending on the batch of albumin used. Eventually a straight line could reasonably be drawn through the terminal segments of the curve. Inspection of the distribution curve ( Figure 1D ) reveals that an horizontal asymptote is reached at the 5th or 6th day. Thus, the decline in the plasma concentration curve after this time is quantitatively accounted for by urinary excretion, indicating that the volume of distribution is no longer increasing. The significance of the horizontal asymptote in the distribution curve is twofold:
1. It offers evidence that during the entire period of study, radioiodine released from degraded protein is almost completely recovered in the urine. If any radioactivity were not recovered, the calculated value for the per cent retained would be higher than the true one by that amount not recovered. The percentage error would then progressively increase during the course of the study producing a negative slope in the curve.
2. It further indicates that any change in the slope of the plasma concentration curve after the distribution curve has become horizontal must be due to a change in the apparent rate of degrada- effects of variation in the rates of iodo-albumin degradation during this period. Even here this analysis remains in error to the extent that urinary excretion lags somewhat behind protein degradation (Appendix A). While this could have been more fully accounted for by a separate study of the renal iodide clearance rate, the error involved was not great enough to justify the complicated mathematical treatment required of this refined analysis.
For the purpose of determining more precisely the rates of distribution, 10 to 16 blood samples were drawn during the first 3 to 4 days in about one-fourth of the cases ( Figure 3 ). However, these rates could be grossly evaluated in the remaining cases as well.
Although there may be an unlimited number of exponential components, the distribution curves, in most instances, could be resolved into three major exponential regression rates by conventional analysis ( Figure 3 ). If mechanical mixing in the plasma is considered to be complete at to, the form of these curves is then expressed by the gen- Values for TEA are given in column J of Table  I . In many of the cirrhotic subjects TEA was not significantly lower than in non-cirrhotics. In these cases an increase in plasma volume or the presence of fluid accumulations compensated for the low serum albumin concentrations.
Extravascular compartments
In all but a few of the studies, two greatly different rates of distribution were observed with mean half times of approximately 3 and 24 hours. For lack of more precise information as to their localization, these two extravascular compartments are merely termed "fast" and "slow." In the possibility that these compartments were not diffusely distributed throughout the body, in vivo assays were performed in an attempt to localize sites of build-up of radio-activity. 6 However, no such sites were discovered by assays over the heart, lungs, liver, spleen, neck or thigh taken 15 minutes after injection and at frequent intervals thereafter. Since in the liver and spleen areas, the counter "saw" a relatively large amount of blood compared to extravascular tissues, these curves approximately paralleled the heart and plasma curves during the distribution phase (Figures 4,  7) . On the other hand, the neck and thigh curves followed more closely the curve of per cent dose retained (Figures 4, 1) . Only over the mid-abdomen in some patients with ascites was there any suggestion of a "build-up" curve indicative 6 of localization. After distribution equilibrium was reached, the slopes of all these curves were approximately the same as that of the plasma concentration curves.
Removal of iodo-albumin from tissue sites It is relevant to recall the studies of Cope and Moore (11) in dogs. By direct lymph analysis they demonstrated a much more rapid equilibrium between plasma and thoracic duct lymph than between plasma and lymph from the cervical and leg chains. Some evidence in human subjects is obtained from the rates of disappearance of tagged albumin from sites of injection into muscle, skin and subcutaneous tissue of the lower extremity. The half times for removal from these sites in 16 experiments ranged from 13 hours ( Figure 5 ) to 72 hours (previously published figure [9] ) which are consistent with the "slow" rate of exchange determined by the plasma studies.
From the observations presented here, no conclusions can be derived as to the presence of an intracellular phase except to note that in vivo assays failed to give evidence for localization in the liver as had previously been demonstrated for tagged modified human globin (9 to lots prepared by method B. In these, the renal excretion curve, after the fifth or sixth day, was also a straight line and had a slope similar to that of the plasma concentration curve (Figure 7) . Unfortunately, however, these conditions did not obtain in the majority of cases. The following characteristics of the post distribution segments of the curve were frequently observed (Figure 1) . The slope of the plasma concentration curve revealed a gradual decrease. The slope of the renal excretion curve was greater initially but tended to approach that of the plasma concentration curve terminally. The curve of renal excretion per cent retained did not approach a horizontal level for some time after distribution was complete but rather showed higher levels in the initial portions of the post distribution segments. In these cases, therefore, ..-; .,:i-.t-__ -. 1.1 .--.-,.. ----.---- it is evident that degradation of the iodo-albumin was not proceeding at a single constant rate, but that there were several components being degraded at different rates. Theoretical curves for plasma concentration and renal excretion, when constructed for a two-component system, exhibit just such characteristics as have been observed in these studies (Appendix B).
As an example of the difficulties encountered in attempting to evaluate the rate of tagged protein degradation from most plasma concentration curves, the best straight line was drawn through the observed points in various phases of the study in subject P. McG. No. 11 ( Figure 8 ). As the experiment proceeded the rate appeared progressively slower until the last half time of 19 (Figure 1 ). The constancy of the rate of degradation of the slower component during distribution may be seriously questioned. However, since this fraction of the iodo-albumin was degraded at a relatively slow rate, the error was small and the values obtained were useful as rough approximations. The observations did not permit the more refined approach utilized in the analysis of the distribution curves. It was found that the fraction of iodo-albumin which was Ultracentrifugal patterns of some lots used in this study: (a) rapidly degraded was characteristic of the lot of iodo-albumin used (Table I , column T). In general, the lots prepared in the laboratory by Method B were the most satisfactory and those obtained from Abbott Laboratories the least so with respect to minimizing the portion of these rapidly degraded components. The presence of large amounts of these rapid components was evident in the high urine excretions of radioactivity during the first few days ( (Figure 9 b and c). However, a more recent lot of Abbott 1131 tagged albumin has shown slight abnormalities in the ultracentrifuge (Figure 9 d ). This and other recent lots have also shown extremely high renal excretions for the first 24 hours (Table II) . These cases have not been included in the present studly. received albumin with an average of 11 Iodine atoms per molecule is an exception. This case is discussed in greater detail below. In the case of those experiments with lots containing a single detectable component or only a small fraction of faster components and where observations over a four week period or longer were available, the rates were even much slower, being of the order of 4 per cent a day or less (T1/2 > 17 days) (Table IA) . In these cases, too, the degradation rates determined independently from the plasma concentration and renal excretion curves were per cent retained in excellent agreement. If the daily degradation of endogenous albumin is accepted as the product of total exchangeable albumin and the degradation rate (.693/T,/2 days) of iodo-albumin, then in this group, the albumin "turnover" per day ranged from 5.4 to 21.1 grams (.079 to .310 gram per kilogram per day) ( Table IA) . The values for cirrhotic patients (range .079 to .192; mean .126 gram per kg. per day) were lower than those for non-cirrhotic subjects (range .164 to .310; mean .205, gram per kg. per day). Even if calculated on the basis of "dry weights," the calculated "turnover" values would reveal low figures for the cirrhotic subjects. In two of the cirrhotic patients who died in cholemia and hepatic decompensation (0. C., No. 13 and F. A., No. 3) the rates of degradation could not be determined precisely from the plasma concentration curves since these patients were continually accumulating ascitic fluid during the study. This led to a decay in the plasma concentration apparently in excess of the actual rate of degradation. However, the renal excretion values indicated extremely low turnover rates.
In one other cirrhotic subject (GI. H., No. 4) with increasing ascites, the renal excretion also showed lower values than the rate determined from the plasma concentration curve. Although TEA must have been increasing slightly during the period of study, if the net increase in ascitic fluid albumin is calculated as the product of TEA at distribution equilibrium (385 grams) and the difference between the plasma concentration decay rate (2.9 per cent per day) and the degradation rate ( renal excretion 1.8 per cent per per cent retained day), a mean value of 4.2 grams per day is obtained. This agrees fairly well with the value (3.6 grams per day) derived by dividing the total albumin (214 grams) removed by paracentesis at the end of the study by the number of days elapsed since the previous tap (59 days). During a period of 80 days prior to the study this patient had been relieved of 585 grams of albumin by repeated paracenteses. The losses (7.3 grams per day) by this route alone were alnost as much as the total turnover values in some non-cirrhotic subjects in this group. This indicates the tremendous additional load imposed upon the albumin productive capacities of the liver by repeated withdrawal of ascitic fluid in these subjects. It is conceivable that, in some cases, such practice might demand the synthesis of even greater than normal amounts of albumin.
In most of the studies with the remaining lots, insufficiently long observation periods and the presence of rapidly degraded components combined to produce apparently shorter half time in the plasma curves and poor agreement between rates determined from plasma and urine curves. In most of these cases the turnover rate of the final component as determined from the urine excretions was lower than the rate derived from the plasma concentration curves essentially because the constructed slopes of the terminal portions of the plasma curves were more prejudiced by earlier points which included varying amounts of the faster degraded components. The turnover rates given in Table IB , therefore, are, in general, spuriously high and represent only maximum values.
In some lots the rate of degradation of these faster components was only slightly greater than that of the slowest component (e.g., lot B12-2-2). In others (e.g., lot No. Abbott A 216-2) probably due to a more marked degree of altera-761 tion of the protein, extremely rapid breakdown of a fairly large fraction was obvious within the first day or two (see Table IB , column S). Since the slope continued to change for a few weeks, however, it is likely that a more or less continuous spectrum of components degraded at different rates was present. For this reason it is questionable whether a "final component" in these cases was ever really observed. Furthermore, because of inadequate observation periods, the calculated "fraction of faster components" is, in some cases (e.g., Abbott A 014-2), falsely low, owing to a spuriously steep slope in the plasma concentration curve extrapolating back to an apparently high zero time value. t Review of the entire mass of data thus leads to the conclusion that the apparent rates of degradation depended in large part on the particular lot of iodo-albumin used. However, with what were considered the best batches of material, the rates were appreciably less than 5 per cent per day.
Effect of overiodination of albumin on the degradation rate In order to investigate the possibility that differences in the rates of degradation were related to the degree of iodination of the protein molecules, two portions of iodo-albumin containing an average of 1½2 and 11 iodine atoms per molecule of protein, respectively, were prepared identi- (Figure 10 ) clearly indicated a difference in the rates of degradation, the more highly iodinated material being degraded more rapidly. Ultracentrifugal analysis revealed marked alterations in the sedimentation of the latter material (Figure 9 e) . In spite of these obvious changes, however, the rate of degradation was not inordinately fast (T1/2 = 11 days) and suspicion of such marked alterations would not have been aroused by the renal excretions (Table  IA, If uneven iodination were responsible for the variability of degradation rates, extremely high iodine: protein ratios must have been present in some molecules of many of the lots since even the 11 I atoms per molecule iodo-albumin did not lead to such high renal excretions in the first few days as were observed in most of the Abbott preparations. The inference that, in these lots, a large part of the radioactivity was bound to a small moiety of the albumin is consistent with the frequent failure to identify abnormalities on ultracentrifugation. It is possible, therefore, that the apparent multiple iodo-albumin components frequently observed were merely albumins with different degrees of iodination although additional alterations during isolation or iodination cannot be excluded. These considerations do not absolutely negate the possibility that the presence of multiple components in "native" albumin also contributed to these variations, although the absence of more than one component in at least one lot (No. Bl-7-3) offers no support for this alternative.
DISCUSSION
The biological behaviour of the isotopically labeled simple ion or chemically defined compound may be accepted, in general, as reflecting that of the native unlabeled species except for consideration of radiation and so called isotope effects. In the case of complex substances such as proteins, however, in vitro labeling procedures may induce subtle alteration beyond the scope of detection of available physical and chemical techniques. The validity of the tracer thus remains suspect. Furthermore, its identical behaviour to that of the native substance in certain biological systems (e.g., immunological) does not, in itself, warrant the assumption of such similarities in other systems (e.g., hormonal activity or response to catabolic processes). For example, the precipitation by specific antibody of bacterial toxin and toxoid hardly establishes their identical toxicity. Similarly, the parallel rate of disappearance of I1311 labeled and native human serum albumin from the blood stream of the rabbit (3), to which they are both foreign proteins, does not necessarily insure similar behaviour in the human subject. Indeed, iodo-albumin is not itself a protein native to man.
Conversely, however, it has been repeatedly demonstrated elsewhere (3, 4) , as well as in the present study, that obvious alteration does lead to a more rapid rate of disappearance and it probably can be accepted that the slowest rate of disappearance most nearly approaches that of the native albumin.
The difficulty in determining whether a more rapidly degraded component is an altered protein or one of several normal albumin fractions is merely one of a number of problems in the interpretation of such data as are reported here. A principal question concerns the process of degradation. The implication that the rate of disappearance of radioactivity from the body reflects the rate of dissolution of the entire albumin molecule must be avoided. The observations presented here and in available published reports offer no information as to the mechanism of splitting of the Il8 albumin linkage in the body. Although, more probably, the iodotyrosine fragments are separated by peptide bond hydrolysis, there is, as yet, no evidence against the possibility that simple deiodination alone occurs in vivo in this abnormal protein. Even if hydrolysis alone were demonstrated, the rate of this process is not manifestly the same as the turnover of the normal tyrosine fragments. Furthermore, if there is any turnover within the intact protein, then the rates for the various amino acid residues may be quite different. In this event the term "albumin turnover" would be quite meaningless unless qualified by reference to a specific amino acid. Multiple isotope labeling in different amino acid positions may clarify some of these problems.
Where N, C or S isotopes are used it is reasonable to expect an error in the labeled amino acid turnover rates obtained because of reutilization of some fraction of the isotope released by protein degradation. This particular error is probably of no significance in data obtained from 18l labeled protein studies, especially in the presence of thyroid blockage. In the absence of thyroid binding, Il31 administered as iodide (12, 13) (15) has demonstrated an alteration in the ratio between the two components of human serum albumin normally demonstrable in the electrophoresis apparatus at pH 4.0. Therefore, isolation and labeling of the subject's own albumin would be a more valid technique, but the accumulation of any considerable mass of data by this method represents a formidable undertaking.
In view of these considerations, it is advisable until further information is available, to interpret the observations presented here, and in similar studies, simply in terms of separation of the radioactive label from the protein, especially when dealing with degradation rates. In the case of distribution phenomena it is more probable that the behaviour of I131 labeled albumin closely reflects that of the native protein. The distribution studies have clearly demonstrated that mixing in the entire exchangeable albumin pool is not essentially complete until 4 to 7 days after administration and may be even more prolonged in subjects with massive ascites. Schoenberger, Kroll, Sakamoto, and Kark (16) studied the rate of appearance of 181 labeled albumin in the ascitic fluid of a cirrhotic subject in a manner similar to that reported here. They found that equilibrium between plasma and ascitic fluid took 38 and 47 hours in the two studies performed on their patient. However, at the time of the studies, their subject had ascitic fluid volumes of only 890 and 1950 ml., respectively. Their results, therefore, are not inconsistent with our findings of 9 to 10 day equilibration periods in subjects with ascitic fluid compartments of 7 to 19 liters. In fact, the albumin transfer rate across the peritoneal surface was even greater in our subject than in theirs.
Previous studies (3, 16, 17) , which have dealt only with observation periods of 11 to 15 days or less, have reported significantly faster degradation rates than in the present study. In general, these rates were calculated from plasma points taken as early as the third day. Inspection of the published curves in these reports indicates that a possible flattening out of the curves has been ignored. Since distribution is usually not complete for 4 to 7 days, inclusion of these early points results in an apparent but erroneous fast rate of degradation. Furthermore, the presence of slower components is likely to escape detection unless observations are carried out for a period of time sufficient to account for the excretion of most of the administered dose.
Although the experiments with heavily iodinated albumin may explain the presence of multiple components with different degradation rates, there is evidence to support the concept of more than one native serum albumin. The presence of two electrophoretically distinct albumin components at pH 4.0 observed by Luetscher (15) has been confirmed by Cohn, Hughes, and Weare (18) . According to Hughes (19, 20) more than half of normal serum albumin is mercaptalbumin with a single available sulfhydryl group per molecule, the remaining serum albumins appearing to have no available sulfhydryl groups. The labeling of these various fractions should be of interest.
Whether the multicomponent systems observed in the present study were related entirely to artifacts produced by iodination or in part to different native albumins, the major component in the best preparations was degraded at the slowest rate which approximated a half time of 15 to 23 days. These values are consistent with the results obtained by biosynthetic techniques (1, 2) . However, in light of the previous discussion, conclusions based on this similarity in rates must be guarded. The marked variability of degradation rates observed in the different lots of radioiodinated albumin further emphasizes the need for a conservative approach. It is hoped that further studies will be directed along the lines of these inquiries before precarious deductions are formulated on the basis of Ill labeled protein "turnover" rates. Since X, is of the order of 25 to 40 times as great as Xd even at moderately low renal clearance rates, it is clear, that within a short time, the second term in the brackets of equation (6) becomes relatively insignificant and the curves of (6) and (8) become virtually identical except for slightly different intercepts. Theoretical curves have been plotted for equations (6) and (8) with half times for renal removal of iodide and albumin degradation of 9 hours (0.375 days) and 15 days, respectively. It is apparent ( Figure 11 ) that, at these rates, the renal excretion curve becomes virtually identical with the curve of iodo-albumin degradation after the first day or so.
APPENDIX B
Effect of multiple components on the characteristics of the plasma concentration and the renal excretion curves Let P and Q be quantities of different iodo-albumins, p and q, degraded at rates Xkp and Xq, respectively, where Xp > Xq. Then, P = Poe>Pt Q = Qoe-`qt
If the apparent space of distribution remains constant, the total amount of iodo-albumin, A, at any time, t, remains constantly proportional to the plasma concentration of iodo-albumin, c. Thus A = kc where k is a constant equal to the apparent space of distribution. Disregard the mixing phase during which the iodo-albumin reaches equal specific activity in all compartments of the albumin pool. Then, A = kc = Poe6-pt + Qoe-pt.
Assume that all degraded protein radioactivity appears in the urine immediately, which is a good approximation (see Appendix A). Then, u = _-ddA = PpPoe-6pt + XqQoexqt dt u = renal excretion per unit time. (2) Equation (1) is essentially the plasma concentration curve (2) and equation (2) XqQo Qo' The renal excretion curve, therefore, has a relatively larger first term than the plasma concentration curve. It follows, then, that the renal excretion curve will have a sharper slope at all times than the plasma concentration curve, that this difference will be more marked in the earlier segments and that the approach to a single exponential straight line decay of the terminal segment will be apparent earlier in the plasma concentration curve. These are the very characteristics of the curves observed in these studies.
APPENDIX C Exchange of iodo-albumin between plasma and ascitic fluid following intravenous administration Constancy of albumin concentrations, volumes of the various compartments and transfer rates are assumed.
Since exchange between plasma and ascitic fluid is rapid compared with the rate of degradation, differences in specific activity in the two compartments resulting from differential degradation in the compartments is neglected.
Let P' = total iodo-albumin in plasma compartment, p, containing P grams albumin F' = total iodo-albumin in ascitic fluid compartment, f, containing F grams albumin Q' = total iodo-albumin in all other extravascular compartments, q, containing Q grams albumin P' + Q' = M' = total extraperitoneal iodo-albumin. a) Under the assumption that equilibrium between p and q is rapid as compared with that between p and f, m may be regarded as a single pool in exchange with f. Then, dM' = XmM' + XfF' (1) dFt -AXfF' + XmM' (2) where Xm is the rate of transfer of iodo-albumin from m to f Xf is the rate of transfer of iodo-albumin from f to m and at equilibrium XmM' = XfF'. Solving equations (1) and (2) and integrating, we obtain, In subject H, the ascitic fluid volume was not measured during the period of equilibration. Total ascitic fluid iodo-albumin was estimated as the difference between total exchangeable albumin and 2.5 times total plasma albumin (since the ratio of extravascular to plasma albumin in nonascitic subjects is approximately 60/40 
From the ascitic fluid distribution curve ( Figure 6 ) and, equation (3) Xm + Xf = .0150 per hour.
Solving (5) and (6) we obtain, Xf = .0117 per hour Xm = .0033 per hour. The rate of transfer of albumin across the peritoneal surface in either direction is then XfF = XmM = .92 gram per hour. b) Under the assumption that plasma albumin is distributing into ascitic fluid alone, the resulting equations derived similarly to (3) and (4) are F' = (P'o -P'E) (1 -e-(f+X-t) P' = P'E + (P'o -P'E)e-(Xf+xpt) (7) (8) where P'o and P'E are zero time and equilibrium values, respectively, Xp is the transfer rate of iodo-albumin from plasma to ascitic fluid and Xf is the transfer rate of iodoalbumin from ascitic fluid to plasma. Now, if the same values for P and F are taken as in Method 
